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Abstract: A multiplier is one of the key hardware blocks in most digital signal processing (DSP) systems. 
Typical DSP applications where a multiplier plays an important role include digital filtering, digital 
communications and spectral analysis (Ayman.A et al (2001)). Many current DSP applications are 
targeted at portable, battery-operated systems, so that power dissipation becomes one of the primary 
design constraints. Since multipliers are rather complex circuits and must typically operate at a high 
system clock rate, reducing the delay of a multiplier is an essential part of satisfying the overall design.  
In this project two different multipliers are designed which are array multiplier and modified dada 
multiplier along with the combination of truncated multiplier. The comparison is carried out using the 
EDA tool XILINX ISE 12.3i by developing the RTL (Register Transfer Level) using the VERILOG HDL. 
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I. INTRODUCTION 
Multiplications are very expensive and slows the 
over all operation. The performance of many 
computational problems are often dominated by the 
speed at  which a multiplication operation can be 
executed. Consider two unsigned binary  numbers 
X and Y that are M and N bits wide, respectively. 
To introduce the multiplication operation, it is 
useful to express X and Y in the binary  
representation. 
 
The simplest way to perform a multiplication is to 
use a single two input adder. For inputs that are M 
and N bits wide, the multiplication tasks M cycles, 
using an N-bit adder. This shift –and-add algorithm 
for multiplication adds together M partial products. 
Each partial product is generated by multiplying 
the multiplicand with a bit of the multiplier – 
which, essentially, is an AND operation – and by 
shifting the result in the basis of the multiplier bit’s 
position. Similar to the familiar long hand decimal 
multiplication, binary multiplication involves the 
addition of shifted versions of the multiplicand 
based on the value and position of each of the 
multiplier bits. As a matter of fact, it’s much 
simpler to perform binary multiplication than 
decimal multiplication. The value of each digit of a 
binary number can only be 0 or 1, thus, depending 
on the value of the multiplier bit, the partial 
products can only be a copy of the multiplicand, or 
0. In digital logic, this is simply an AND function.  
 A faster way to implement multiplication is to 
resort to an approach similar to manually 
computing a multiplication. The entire partial 
product are generated at the same time and 
organized in an array. A multi operand addition is 
applied to compute the final product. The approach 
is illustrated in the fig 1. This set of operation can 
be mapped directly into hardware. The resulting 
structure is called array multiplier. 
 
Fig:1 Example of manual multiplication 
II. MULTIPLIER ARCHITECTURES 
The composition of an array multiplier is shown in 
the Fig 2. There is a one to one topological 
correspondence between this hardware structure 
and the manual multiplication. The generation of n 
partial products requires N*M two bit AND gates. 
Most of the area of the multiplier is devoted to the 
adding of n partial products, which requires N-1, 
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M-bit adders. The shifting of the partial products 
for their proper alignment’s performed by simple 
routing and does not require any logic. The overall 
structure can be easily be compacted into rectangle, 
resulting in very efficient layout.  
 
Fig: 2 Array Multiplier Architecture 
Truncated multiplication is a technique which is 
shown in Fig 3 where only the most significant 
columns of the multiplication matrix are used and 
therefore area requirements can be reduced. In 
Truncation is a method where the least significant 
columns in the partial product matrix are not 
formed. The amount of columns not formed in this 
way, T, defines the degree of truncation and the T 
least significant bits of the product always result in 
‘0’. The method of truncation will follows some 
steps in the process of multiplying of the partial 
product bits in the multiplier by the adders. The 
three steps involved in method are Deletion, 
Truncation, and Rounding. 
In truncated multiplier we start the multiplication 
process with deletion only. 
In the partial product bits we remove the more than 
half of the bits, and then remaining bits become the 
partial products in the process. This is the main 
criteria of deletion. Truncation is a method where 
the least significant columns in the partial product 
matrix are not formed. The amount of columns not 
formed in this way, T, defines the degree of 
truncation and the T Least Significant Bits (LSB) 
of the product always results in 0. The algorithm 
behind fixed width multiplication is the same as 
when dealing with non fixed width multiplication 
regardless of the truncation degree.  
Conventionally an n-bit multiplicand and an n-bit 
multiplier would render a 2n-bit product. 
Sometimes an n-bit output is desired to reduce the 
number of stored bits. By the rounding process 
helps in the obtain of the faithfully rounded value. 
By these steps the truncated multiplier will gives 
the faithfully rounded values after truncate of the 
least significant part in the result. Truncated 
multiplication provides an efficient method for 
reducing the power dissipation and area of rounded 
parallel multiplier. The truncated multiplier is 
preferable as per the power related parameters, 
delay and area also it gives nominal results 
compare with the other multipliers. Truncated 
multiplier technique is an area reduced technique 
and it also it gives the low power values than the 
other one. With the truncated multipliers only the 
cost factor will be reduced in FIR filters. 
 
Fig:3 4x4 bit Binary Multiplication with 
truncation 
A modified Wallace multiplier is an efficient 
hardware implementation of digital circuit which 
multiplies two integers whose flow chart is shown 
in Fig 4. Generally in the reduction phase of 
conventional Wallace multipliers, many full adders 
and half adders are used when compared to 
modified Wallace multipliers. As we know that 
half adders do not reduce the number of partial 
product bits. Therefore, it is necessary to minimize 
the number of half adders used in a multiplier 
which reduces the hardware complexity. Hence, a 
modification to the Wallace reduction is done in 
which the delay is the same as for the conventional 
Wallace reduction. The modified reduction method 
greatly reduces the number of half adders with a 
very slight increase in the number of full adders. 
Reduced complexity Wallace multiplier reduction 
consists of three stages. First stage the N x N 
product matrix is formed and before passing on to 
the second phase the product matrix is rearranged 
to take the shape of inverted pyramid. During the 
second phase the rearranged product matrix is 
grouped into non-overlapping group of three as 
shown below, single bit and two bits in the group 
will be passed on to the next stage and three bits 
are given to a full adder. The number of rows in 
each stage of the reduction phase is calculated by 
the formula 
 
If the value calculated from the above equation for 
number of rows in each stage in the second phase 
and the number of rows that are formed in each 
stage of the second phase does not match, only then 
the half adder will be used. The final product of the 
second stage will be in the height of two bits and 
passed on to the third stage. During the third stage 
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the output of the second stage is given to the carry 
propagation adder to generate the final output. 
 









Comparison Table  





618 30.679ns 245 MB 
Truncated with 
array 
648 41.102ns 271 MB 
IV. CONCLUSION 
Here, in this project two different multipliers are 
designed which are array multiplier and modified 
Wallace multiplier along with the combination of 
truncated multiplier. In the proposed design which 
is nothing but truncated with modified Wallace the 
area (in terms of LUT’s) is less which are 618 
when compare to the existing truncated with array 
multiplier which are 648. So obviously the power is 
also reduced because it is calculated based on the 
number of LUT’s. At the same time the delay and 
memory requirements for the proposed design is 
better when compare with the existed design .This 
multipliers output are derived depending on 
multiplexer selection line, which depends on the 
user. In future based on the requirements there may 
be a chance to change the multipliers. 
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